The subject of maintenance is of much importance in the implementation of projects in today's industries. Maintenance is carried on energy systems to keep their performance within acceptable standards and to maintain their average life expectancy. The cost associated with maintenance work is largely dependent on how often maintenance routines are carried out and the extent the work are done. Current maintenance work are usually carried out in accordance with the equipment manufacturer's guide line and modified by experts as maintenance experience is gained. This paper discusses the various maintenance schemes and the impact of maintenance on the life cycle costs of a system.
Introduction
Maintenance has been more popular in principle than in practice over the years.
Maintenance is of much importance in today's world. The idea of keeping equipment well maintained to extend its expected life and to avoid future repair cost is often misunderstood.
Life cycle costs (LCC) of both dynamic and static (assets) of energy systems are greatly influenced by the maintenance activities performed on them during their life cycle [1] .
The relationship between the cost of maintenance and returns such projects can be expected to deliver is sometimes unclear.
The HVAC (small unit for home use) was the test bed for this study. The study included the cost of: 1) Maintenance deemed necessary as suggested by the manufacturer.
2) The cost of installation/cost of maintenance.
3) The cost associated with systems breakup or system failure.
We investigate these relationships by describing the process of assessing the value of maintenance programs and activities, by analyzing them in key financial ratio. The results of the analysis of maintenance practices allowed us to evaluate the importance of maintenance in feasibility studies.
Maintenance
Maintenance is defined as the combination of all technical and administrative actions including supervision actions intended to retain an item, or restore it, in a state in which it can perform a required function (British Standards 3811, 1993).
Its objectives includes the following  Reducing breakdown and emergency shutdowns.  Reduction of down time.  Minimizing the energy usage.  Optimizing Resources utilization.
Maintenance of energy systems can be divided into the two maintenance actions.  Scheduled maintenance.  Unscheduled maintenance.
Scheduled Maintenance
The energy system manufacturer determines the initial maintenance requirements through the Operation and Maintenance Handbook. The requirements are initially treated as mandatory. However there comes a variation to the tasks or task scheduled as experience is developed within the operational environment.
The costs of performing the tasks, manpower material costs, as well as the costs of any extra work arising from the scheduled task are also considered [1] . The Figure 1 below, shows the major task performed under scheduled maintenance.
Scheduled Maintenance can be divided into:  Preventive Maintenance;  Corrective Maintenance;  Improvement Maintenance;  Predictive Maintenance. 
Preventive Maintenance
This is the type of maintenance carried out before failures occur. This can be subdivided into scheduled and condition based preventive maintenance.
Scheduled preventive maintenance in energy systems includes replacements, adjustments, major overhauls, inspections and lubrications, adjustment or calibrations, cleaning and replacement of certain components [2] .
Preventive Maintenance can also be subdivided into  Routine maintenance;  Running maintenance;  Opportunity maintenance;  Window maintenance;  Shutdown preventive maintenance.
All these depend on the manufacturer guideline, availability of the machine as not to halt the process of production (machine is working or not) and cost of maintaining the system/machine at that particular period [1] .
Corrective Maintenance
Corrective maintenance is subdivided into.
Remedial Maintenance
These are activities performed to eliminate the source of system failure without altering the continuity of the production process.
Deferral Maintenance
These are corrective maintenance activities that are not immediately initiated after the occurrence of a failure, but delayed in such a way that will not affect the process of production line [2] .
Corrective maintenance includes the following steps  Fault detection. Here, the production processes are put on hold, to perform some improvement maintenance activities on the system.
Predictive Maintenance
Predictive maintenances are set of activities performed on a system to detect the physical condition of the equipment in order to carry out the appropriate maintenance works to maximizing the life span of the equipment without increasing the risk of failure [2] . Predictive maintenance is subdivided into two categories:  Condition-based predictive maintenance.
This type of maintenance schedule specifies maintenance tasks as they are required by the system involved. It depends on the continuous and periodic condition monitoring of the equipment to detect any sign of failure.  Statistical-based predictive maintenance.
This depends on the information and statistical data gathered as a result of the careful and cautious recording of the stoppages of parts of the system and its components, in order to develop models for predicting failures.
The main advantage of predictive maintenance is the early discovery of faults and failures, due to continuous monitoring of the system. However, its main setback is that it depends solely on the information gathered over a period of time, and the correct interpretation of this information.
It is sometimes classified as a form of preventive maintenance.
Unscheduled Maintenance
The unscheduled maintenance has to do with unplanned maintenance works, carried out on energy systems in the case of emergency or breakdowns. The cost of a system failure includes cost of repair, deferral cost of that repair (if applicable) and cost of operational disruption as a result of the failure. Figure 2 shows the major components of the unscheduled maintenance.
Repair Cost
Repair costs include manpower required to remove the associated components as well as shipping, administration and shop repair costs [1] . Repairs may be performed on energy systems in which case, the manpower and materials will contribute to the costs.
Deferral Cost
Sometimes it will be acceptable with some of the system inoperative. Details of these systems are usually given in the manufacturer handbook. Costs of deferral accounts for the resources required to take the action detailed, and must also account for operational restrictions due to inoperative systems.
Operational Disruption Cost
Operational disruption cost can vary significantly in the type of system involved, production process involved and the location where the system is situated.
CMMS (Controlled Maintenance)
With the advent of new technologies, the CMMS is introduced to enhance maintenance of energy systems.
A computerized maintenance management system (CMMS) is a type of management software that performs functions in support of management and tracking of O & M activities [3] .
It involves some software in tracking the energy sys- tem installed in a company or building. It is usually managed by experts from maintenance companies.
How CMMS Works
A CMMS system automates most of the logistical functions performed by maintenance staff and management [3] . Some of its many functions include the following:  Production of work orders, prioritization, and tracking of equipments/systems.  Historical tracking of all work orders generated which become sortable by equipment, date, person responding, etc. [3] .  The tracking of scheduled and unscheduled maintenance activities. CMMS programs are in such a way that they have interface with the existing energy management and control systems (EMCS).
Benefits and Shortcomings of CMMS
The benefits of the CMMS include the following:  Earlier detection of impending problems before a failure.  Allow a higher level of planned maintenance activities that lead to a more efficient use of staff resources. 
Preparing a Maintenance Plan of an Energy System
The steps and format of preparing a maintenance plan will vary depending on the application and design of maintenance systems [4] . The key steps in preparing a typical maintenance plan will include the following:  Prepare an asset inventory;  Identify maintenance activity and tasks;  Identify the frequency of the task;  Develop an annual work schedule;  Prepare and issue a work order.
Case Study: The Maintenance of HVAC Systems
The HVAC system not only makes the building comfortable, healthful, and livable for its occupants, it manages a substantial portion of energy usage and related costs for the building. In maintaining the building's air quality, the HVAC system must respond to a variety of conditions inside and outside the building (including weather, time of day, different types of spaces within a building and building occupancy), while simultaneously optimizing its operations and related energy usage. The reasons to properly maintain a HVAC system, include the following;  Lower utility costs;  Increase the service life of the HVAC equipment (reduces replacement cost);  To create a greater comfort for the building's occupants. HVAC systems can be very complex, consisting of many components. The major components include boilers, chillers, air-handling units (AHUs), air terminal units (ATUs), and variable air volume equipment (VAV).
Hence these are some of the needed maintenance works on HVAC.
Steady State Test
At each servicing, a steady state efficiency test should be performed with proper efficiency testing equipment. The testing performances are always within the range recommended by the manufacturer [5].
Filters
1) It is important to ensure that the correct filter size is installed. If this is not done, the air will escape around and without it being filtered (air bypass).
2) The filter media should be checked for damages regularly.
3) The filter compartments should be kept air tight fitted.
The use of differential pressure drop meter provides the reading on the meter [5] and helps to know when there is a need to change the filter.
Air-Handler Blow Vane
Dirt building up on the blower vanes will greatly reduce the air flow. They need to be cleaned as necessary.
Controls
It is important to verify the operation of all controls, including thermostat anticipators and furnace blower fan and limit control.
Burner Orifices
There is a need for the burner orifice to be properly sized for the gas type and burner input.
Effect of Maintenance on the Life Cycle Cost of a System
The HVAC system used as a case study consists of a 17-yr old chiller whose estimated expectancy is 20 years. Both preventive and corrective maintenances were carried out on the system. We investigated the effect of these maintenance works on the system. Three scenarios were considered:  Full recommended maintenance (as from the Manufacturer's handbook);  Half of the recommended maintenance work;  No maintenance work carried out.
The energy analysis was carried out by taking note of all expenses spent on the installation, energy consumed, and the cost of carrying out maintenance works on the HVAC. Table 1 shows the purchase cost, installation cost and the initial investments (in terms of the energy and maintenance cost) on the HVAC.
To make the analyses simpler, we only considered the purchase cost, installation cost and operation and maintenance cost of the Chiller, Cooling tower, chilled-water pump and pipes. All other system components are assumed to be the same for the Chiller.
The operational cost is comprised of the energy costs and maintenance costs. The result obtained from the available data, given in Table 3 for Scenario 1, is given below:
The Table 2 is still in use.
The result obtained from the available data, given in Table 4 for Scenario 2, is given below; Net Present Value, NPV = $393,758 Internal Rate of return = 49% Savings to Investment ratio = 4.7 Payback years = 2.2 yr Return on Investment (ROI) = 372% The result obtained from the available data, given in Table 5 for Scenario 3, is given below:
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Scenario 1: No Maintenance in Place
Scenario 1 assumes that nothing is spent on maintenance. Therefore the cost of preventive maintenance will be zero in this case. The cost of repairs, the cost of energy, and the frequency of equipment replacement will increase, because the equipment is assumed not to be maintained [7] . The frequency of repairs increases in an amount similar to the expected-life degradation [7] . For example, even with proper maintenance, a compressor would need to undergo minor repair every four years [7] . This scenario assumes that the repair frequency will increase by 20 percent. A 403.96% ROI seems like a huge return, and it is.
Consider, however, the cost of just one piece of equipment: A chiller. The chillers would cost an average of $67,950 to replace. Maintaining the chiller costs $3000 per year, and proper maintenance adds years to the equipment's life, avoiding the extremely expensive capital outlay needed to replace it [7] .
Scenario 2: Half of the Recommended
Maintenance In Scenario 2, a lesser value of PM was being invested on the HVAC against the recommendations from the manufacturer. For example, if the expected life of a Chiller will decrease by 20 percent if not maintained and proper maintenance will cost $3000 per year. Therefore if $1500 (half the recommended amount) is spent on chiller maintenance, the expected life would decrease by 10 percent instead of 20 percent.
Scenario 3: Recommended PM (From
Manufacturer) In Scenario 3, the manufacturer's recommended amount of preventive maintenance was considered. The equipment is assumed to last its expected life and that energy performance will not degrade over the life of the equipment [7] .
If the average age of the chiller is 17 years, the expected useful life of the chiller is 20 years, so in years 3 and 23 of the Scenario 3 analysis (from the manufacturer), the chiller needed to be replaced. In Scenario 1, the expected useful life of the chiller would be 16 years, and it needs to be replaced in years 1 and 17 of the analysis.
This analysis indicates that the expense spent or to be spent can be pushed out over time by properly maintaining the equipment.
Conclusions
The effect of maintenance on energy systems cannot be underestimated. It has valuable effects on the life cycle cost of a system and as well as on the energy utilization with improvement on the life span of the system.
The results obtained from this research has shown that maintenance has a way of improving the ROI of the amount invested in installing and building of a system, especially the HVAC system used in homes. It is ideal that more preventive maintenance should be carried out on the HVAC as compared to the corrective maintenances.
Finally, following a strict and comprehensive maintenance schedule will prolong a building's HVAC systems, save cost of replacements, reduce the loss of energy and increase the comforts of the building occupants.
Life cycle cost analysis calculation for Scenario 1. Life cycle cost analysis calculation for Scenario 2. 
